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,QWURGXFWLRQ
3RZHU WUDQVIRUPHUV DUH HVVHQWLDO DQG H[SHQVLYH HTXLSPHQW DPRQJ WKH ZKROH SRZHU V\VWHP 7KH\ SOD\ YHU\
FUXFLDO UROH IRU IURPSRZHUJHQHUDWLRQ WRGLVWULEXWLRQDQG WKHUH LV QRVXEVWLWXWH IRU WKHLU VHUYLFH$Q\ IDXOW LQ WKH
WUDQVIRUPHU PD\ HYHQ OHDGV WR VHUYLFH LQWHUUXSWLRQV ZKLFK DIIHFWV WKH SHUIRUPDQFH DQG UHOLDELOLW\ RI WKH ZKROH
V\VWHP(YHQLQQRUPDORSHUDWLRQWUDQVIRUPHULVH[SRVHGWRQXPEHURIHOHFWULFDODQGWKHUPDOVWUHVVHV,QKLJKVWUHVV
FRQGLWLRQV  RYHUKHDWLQJ KLJK HQHUJ\ GLVFKDUJHV ORZ HQHUJ\ GLVFKDUJHV SDUWLDO GLVFKDUJHV HWF DUH VRPH IDXOWV
ZKLFK OHDGV WR WKHJHQHUDWLRQRIJDVHV OLNH(WKDQH&++\GURJHQ+$FHW\OHQH&+&DUERQGLR[LGH&2




,(&  VWDQGDUG >@ '*$ GLDJQRVLV LV DQ LPSRUWDQW GLDJQRVWLF IRU DQDO\VLQJ DQG LQWHUSUHWLQJ JDVHV WKDW
GLVVROYH LQ RLO GXH WR WKH GHFRPSRVLWLRQ RI LQVXODWLRQ OLNH WUDQVIRUPHU PLQHUDO RLO DQG SDSHU LQVXODWLRQ >@ )RU
GHWHFWLQJWKHLQFLSLHQWIDXOWFRQGLWLRQVUHJXODURLOVDPSOHDQDO\VLVLVUHTXLUHGZKLFKFDQEHWLPHWDNLQJSURFHVVDQG
VRPHWLPHHYHQQHHGWUDQVIRUPHUWREHPDGHRIIOLQH>@
7KHUH DUH QXPEHU RI PHWKRGV FRQYHQWLRQDO PHWKRGV OLNH .H\*DV0HWKRG 5RJHUV 5DWLR0HWKRG ,(&5DWLR
0HWKRG'RHUQHQEXUJ0HWKRGDQG'XYDO7ULDQJOH0HWKRGZKLFKXVHV'*$UHVXOWVIRULQWHUSUHWDWLRQRIIDXOW>@
VRPHWLPHV FRQYHQWLRQDO PHWKRGV PD\ QRW JLYH DFFXUDWH UHVXOWV DQG QHHG H[SHUW¶V DQDO\VLV $FFXUDF\ RI WKH
FRQYHQWLRQDOPHWKRGLVDIIHFWHGZKHQLWGRHVQRWJLYHDSSURSULDWHUHVXOWVIRUVDPHJDVDQGRLOVDPSOHV>@7KHUHIRUH
ILQGLQJ DFFXUDWH UHVXOWV IRU IDXOW GLDJQRVLV LV ELJ FKDOOHQJH LQ WKH UHVHDUFK DUHD RI SRZHU WUDQVIRUPHU FRQGLWLRQ






.H\ *DV 0HWKRG ,(& 5DWLR 0HWKRG HLJKW LQSXW GDWD VDPSOHV &+ &+  &+&+ &+  &++
&+&+&+&+&+&+DQG&++&+&+&+&+ &+&+&+&++&+
&+&+&+&+ &++&+&+&+&+ &+&+&+&+&++&+&+ DUH FRPSDUHG
ZLWK GLIIHUHQW $11 PRGHOV OLNH 3UREDELOLVWLF 1HXUDO 1HWZRUN311 DQG0XOWL/D\HU 3HUFHSWURQ0/3 PRGHOV
311DQG0/3PRGHOVDUHWUDLQHGZLWKGDWDVDPSOHVFROOHFWHGIURPGLIIHUHQWUHVHDUFKSDSHUVDYDLODEOHRQOLQH
DQGGDWD VDPSOHVDUH WHVWHG IRU ILQGLQJ WKHDFFXUDF\RI WKHQHWZRUN7KH11PRGHOVDUHGHVLJQHGDQG WUDLQHG
EDVHGRQVHWRIWUDLQLQJGDWDV>@7KHSHUIRUPDQFHRIWKHQHWZRUNLVHYDOXDWHGLQWHUPVRI0$3(06(506(
DQGDFFXUDF\





+ +\GURJHQ &+0HWKDQH   &+(WKDQH
&+(WK\OHQH &2&DUERQ0RQR[LGH 7'&*7RWDO'LVVROYH&RPEXVWLEOH*DV
&+$FHW\OHQH &2&DUERQGLR[LGH  
0DWHULDODQG0HWKRGRORJ\
'DWDEDVH8VHG
,Q WKLV SDSHU  '*$ GDWD VDPSOHV RI  RLO DUH FROOHFWHG IURP GLIIHUHQW UHVHDUFK SDSHUV DYDLODEOH RQOLQH
VDPSOHV IURP>@  VDPSOHV IURP>@  VDPSOHV IURP >@  VDPSOHV IURP>@  VDPSOHV IURP>@ 
VDPSOHV IURP>@VDPSOHVIURP>@VDPSOHV IURP>@ 2LO VDPSOHVDUH WUDLQHGDQGVLPXODWHGDQGDUH
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SHUFHQWDJHV KHOSV LQ VHOHFWLQJ LQSXW SDUDPHWHUV IRU $UWLILFLDO ,QWHOOLJHQFH PRGHOV 311 DQG 0/3 ZKLFK JLYH
KLJKHVWDFFXUDF\IDXOWSUHGLFWLRQ
$FFRUGLQJWRWKH,(((6WDQGDUG&WKHFRQGLWLRQRIWKHWUDQVIRUPHULVFODVVLILHGLQWRIRXUOHYHOFULWHULRQVDV
VKRZQ LQ 7DEOH >@ &RQGLWLRQ  LQGLFDWHV WKH QRUPDO RSHUDWLRQ RI WUDQVIRUPHU FRQGLWLRQ  VKRZV WKDWPRGHVW
FRQFHUQLVQHHGHGIRUWUDQVIRUPHUZKHUHDVFRQGLWLRQDQGLQGLFDWHVWKDWWUDQVIRUPHULVXQGHULPPLQHQWULVNDQG
PDMRUFRQFHUQDQGLPPHGLDWHDFWLRQLVUHTXLUHGWRDYRLGFRPSOHWHIDLOXUH7KHVHFRQGLWLRQVKHOSLQXQGHUVWDQGLQJ
DW WKH OHYHO RI ULVN IRU WUDQVIRUPHU 7KLVPHWKRG LV DOVR FDOOHG DV IDXOW JDV YROXPHPHWKRG DQG DOVR LV XVHG IRU
FRQWLQXRXV PRQLWRULQJ RI WUDQVIRUPHUV >@ ,(((,(& KDV SURSRVHG WKUHH VWDQGDUGV UDWLR PHWKRGV  ,(& UDWLR
PHWKRG 5RJHU¶V UDWLR PHWKRG DQG GRHUQHQEXUJ PHWKRG DV VKRZQ LQ 7DEOH  ZKLFK LV D VWDQGDUG FULWHULRQ IRU





















&RQGLWLRQ        
&RQGLWLRQ        
&RQGLWLRQ        












0HWKRGV &++ 9 &+&+ : &+&+ ; &+&+ < &+&+ ; 6XJJHVWHG)DXOW
'RHUQHQEXUJ5DWLR
0HWKRG
!    !
7KHUPDO
GHFRPSRVLWLRQ
  1RW6LJQLILFDQW   ! 3'ORZLQWHQVLW\
 9 !  !  3'+LJKLQWHQVLW\
5RJHUV5DWLR0HWKRG 9     1)
      3'ORZLQWHQVLW\
 WR WR !   '
 9  WR   7)
 !  WR   7)
 !  !   7)
,(&5DWLR0HWKRG WR     1)
  !    3'ORZLQWHQVLW\
      3'KLJKLQWHQVLW\







 WR WR ൒ ͵ǤͲ   '
 WR  ͲǤͳ ൑ ܺ ൑ ͵ǤͲ   7
 !  !   7
0XOWL/D\HU3HUFHSWURQ0/3
0XOWLOD\HUSHUFHSWURQLVDIHHGIRUZDUGDUFKLWHFWXUHW\SHQHXUDOQHWZRUNWHFKQLTXH>@UHSUHVHQWHGLQ)LJ,W
PDSV LQSXW GDWD VHWV RQWR RXWSXW GDWD VHWV0/3 FRQWDLQVPXOWLSOH OD\HUV RU QHXURQV WKDW LQWHUDFW ZLWK ZHLJKWHG
FRQQHFWLRQVDQGDUHFRQQHFWHGLQOD\HUV8VXDOO\LWKDVPLQLPXPRIWKUHHOD\HUV,QSXWOD\HUKLGGHQOD\HUFDQEH
PRUHWKDQRQHDQGDQRXWSXWOD\HU,QSXWVGDWDLVGLVWULEXWHGWRVXEVHTXHQWOD\HUVE\WKHLQSXWOD\HU)RUWUDLQLQJ
SXUSRVH 0/3 XVHV EDFN SURSDJDWLRQ VXSHUYLVHG OHDUQLQJ WHFKQLTXH 0XOWLOD\HU SHUFHSWURQ PRGHO FRPH ZLWK





VKRZQ LQ )LJ >@311FDQEHXVHG IRUPDSSLQJ FODVVLILFDWLRQRU WR HVWLPDWH SUREDELOLWLHV3UREDOLVWLF QHXUDO
QHWZRUNFDQZRUN LQSDUDOOHOZLWKRXWDQ\ IHHGEDFN IURP WKH LQGLYLGXDOQHXURQV WR WKH LQSXWDQG WUDLQLQJ LVHDV\
311 WUDLQLQJ LV IDVWHU FRPSDUHG WR0/3 WUDLQLQJ KRZHYHU LW UHTXLUHV KLJKPHPRU\ >@7KH LQSXW XQLWV WKDW





)LJ  VKRZV WKH IORZ FKDUW RI WKH RI 311 DQG0/3PRGHO ,Q WKLV VWXG\ IDXOWV DUH  FODVVLILHG LQWR VL[ IDXOW
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
7DEOH7DUJHWYDOXHVIRU0/3DQG311
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     
     
     






7KH  VDPSOHV RI '*$ DUH DQDO\VHG DQG FRPSDUHG XVLQJ DUWLILFLDO WHFKQLTXHV OLNH 311 DQG 0/3 7KH
FRQYHQWLRQDO UDWLRV DUH VHUYLQJ DV DQ LQSXW WR WKH DUWLILFLDO LQWHOOLJHQFH QHWZRUN PRGHOV 7UDLQHG0/3 QHWZRUN
UHVXOWVDUHVKRZQE\WKHFRQIXVLRQPDWUL[HVDVVKRZQLQ)LJDWR)LJJ:KHUHDVUHVXOWVRI311PRGHODUH
VKRZQLQWKHJUDSKGLYLGHGLQWRWZRSDUW)LJDWR)LJJ%OXHSDUWORZHURQHSDUWRIWKHJUDSKVKRZVWKH




















































0HWKRG 0$3( 06( 506( $FFXUDF\
.H\*DV    
'XYDO0HWKRG    
'RHUQHQEXUJ0HWKRG    
,(&5DWLR    
5RJHUV5DWLR    
$OO,QSXW    
,QSXW    

7DEOH3HUIRUPDQFH7DEOHIRU0/30RGHO
0HWKRG 0$3( 06( 506( $FFXUDF\
.H\*DV    
'XYDO7ULDQJOH    
'RHUQHQEXUJ0HWKRG    
,(&5DWLR    
5RJHU5DWLR    
$OO,QSXW    
,QSXW    
,Q WKLV SDSHU DFFXUDF\RISUHGLFWLRQRI IDXOW LV HYDOXDWHGE\0$3( >@$FFXUDF\PHDVXUHPHQWZLWK0$3(
JLYHV PRUH DFFXUDWH UHVXOWV DV FRPSDUHG WR 06( 506( LQ WUHQG HVWLPDWLRQ 0$3( PHDVXUHV DFFXUDF\ LQ
SHUFHQWDJH 0$3(   VKRZV KLJK DFFXUDF\  0$3(   VKRZV JRRG DFFXUDF\ ZKHUHDV  
0$3(IRUVRXQGDFFXUDF\DQG0$3(VKRZVLQYDOLGIRUHFDVWLQJ7KH0$3(06(506(DFFXUDF\
RI0/3PRGHODQG311PRGHOLVFRPSDUHGLQ7DEOHDQGLQ7DEOH,WLVIRXQGWKDWWKHDFFXUDF\IRUSUHGLFWLRQRI
IDXOW JDVVHV LVPRUH LQ 311 DV FRPSDUHG WR WKH0/3PRGHO7KH DFFXUDF\ RI SURSRVHG HLJKW LQSXW YDULDEOHV LQ
UHIHUHQFH>@&++&+&+&+&+&+&+&+&+&+DQG&+&+LVZKLFK
LVKLJKHVWDPRQJVWRWKHULQSXWYDULDEOHVRI311PRGHOV
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&RQFOXVLRQ
7KH DFFXUDF\ RI HLJKW LQSXW YDULDEOH &++ &+&+ &+&+ &+ &+ &+&+&+ DQG












 55 5RJHUV ³,((( DQG ,(& FRGHV WR LQWHUSUHW LQFLSLHQW IDXOWV LQ WUDQVIRUPHUV XVLQJ JDV LQ RLO DQDO\VLV´ ,((( 7UDQVDFWLRQ RI
(OHFWLFDO,QVXODWLRQ9ROSS±
 ,(&³,(&JXLGHIRUWKHLQWHUSUHWDWLRQRIGLVVROYHGDQGIUHHJDVHVDQDO\VLV´,(&6WDQGDUG,(&
 0'XYDO³1HZ WHFKQLTXHV IRUGLVVROYHGJDVLQRLODQDO\VLV´ ,(((0DJD]LQHRQ(OHFWULFDO ,QVXODWLRQ0DJD]LQH9RO ,VVXH
SS
 %ULMHVK9.RWDGLD6DQGHHS%3DUPDU%KDYHVK66KDK³$QDO\VLVRI'LVVROYHG*DVLQ7UDQVIRUPHU2LOE\&RQYHQWLRQ7HFKQLTXHVDQG
$UWLILFLDO ,QWHOOLJHQFH $SSURDFK$5HYLHZ´ ,QWHUQDWLRQDO -RXUQDO IRU 6FLHQWLILF 5HVHDUFK DQG'HYHORSPHQW,-65' YROSS 
-DQXDU\





LQVXODWLRQ SDSHU GHWHULRUDWLRQ LQ RLO LPPHUVHG SRZHU WUDQVIRUPHU´ (OVHYLHU (OHFWULFDO 3RZHU DQG (QHUJ\ 6\VWHP9RO SS±






















 =LKHQJ -LDQJ  -LQJ +H 3LQJ *XR ³)HDWXUH GDWD RSWLPL]DWLRQ ZLWK /94 WHFKQLTXH LQ VHPDQWLF LPDJH DQQRWDWLRQ´ WK ,QWHUQDWLRQDO
&RQIHUHQFHRQ,QWHOOLJHQW6\VWHPV'HVLJQDQG$SSOLFDWLRQV,6%1SS1RY'HF
 )UHGHULF 0RULQ <RVKXD %HQJLR ³+LHUDUFKLFDO 3UREDELOLVWLF 1HXUDO 1HWZRUN /DQJXDJH 0RGHO´
KWWSZZZLURXPRQWUHDOFDaOLVDSRLQWHXUVKLHUDUFKLFDOQQOPDLVWDWVSGIROSS
 9LQFHQW &KHXQJ .HYLQ &DQQRQV ³$Q ,QWURGXFWLRQ WR 3UREDELOLVWLF 1HXUDO 1HWZRUNV´ KWWSZZZZLKV
ZLVPDUGHaFOHYHYRUOSURMHFWVGPVV3114XHOOHQ&KHXQJ&DQQRQVB$Q,QWURGXFWLRQWR311VSGI
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